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APPENDIX A
SUMMARY OF RESULTS OF FREEZING TESTS ON NATURAL SOILS

A-]l. Introduction. The U.S. Army Cold Regions Research and
Engineering Laboratory (USACRREL) has conducted frost-susceptibility
tests on scores of soils. Generally, these were base course materials
proposed for use in roads or airfield pavements. Most soils came from
construction projects within the United States, but some came from
Canada, Greenland, Antarctica, Africa, and Asia. In addition, many
fine-grained soils were obtained for special studies at USACRREL and
have been tested. They are included in the tables of this appendix.
These data are presented for general guidance for estimation of the
relative frost-susceptibility of similar soils. It should be noted,
however, that a freezing test on a sample of a specific soil will give
a more accurate evaluation.

A-2. Presentation of test data and results. Table A-1 contains the
test data of soil specimens grouped according to the Unified Soil
Classification System. The soils are positioned within each group
according to the increasing percentage of grains finer than the
0.02-millimeter size by weight present in the soil. Other data include
the physical properties of the material, the results of freezing tests,
and the relative frost-susceptibility classification as shown in figure
2-2. Table A-1 contains the test results on 1) soils that met the test
specification of having a dry unit weight of 95 percent or greater than
that obtained by the appropriate compactive procedure used or
specified, and 2) soils that had an initial moisture content before
freezing equal to or greater than 85 percent of full saturation. The
test results listed in table A-1 (average rate of heave versus
percentage by weight of grains finer than the 0.02-millimeter size) are
plotted in figure 2-2, in envelopes according to soil type. Table A-2
contains data grouped similarly in every respect to those in table A-1,
except that they do not meet the compaction criterion of 95 percent or
greater and the initial degree of saturation. Table A-3 contains heave
rate data on specimens tested under a lower load pressure than
specimens in tables A-~l1 and A-2. Data from tables A-2 and A-3 have not
been plotted in figure 2-2,

A-3. Discussion.

a. Two heave rates have been computed for each specimen presented

in the tables: an average heave rate and a maximum heave rate, in

millimeters per day. This is done to measure the maximum degree of
" variability, if any, occurring during each test. The degree of
variability is expressed as a heave rate variability index. The reason
for high variability is not known. It may be reflective of several
variables either in some portion of the specimen or in the test
controls, such as specimen inhomogeneity (density, layer
discontinuities or other internal influencing factors), friction
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between the soil and container, rate of heat extraction, and
interruption of water supply (internal and external). A large
variability index could be indicative of dominance of several counter
forces during tests. Such a test result might be assigned a smaller
degree of confidence than one whose test variability index is low.

b. Recent experimentation at USACRREL indicates that some variable
degree of friction may exist between the specimen and its container
during freezing and heaving. Freezing tests of specimens performed in
horizontally segmented (multi-ring) cells usually showed higher heave
rate than those of counterpart specimens in inside-tapered,
solid-walled cells. The inside-tapered cells were a great improvement
over straight-walled soil cells.

c. More recent investigations at USACRREL to simplify and shorten
the time interval for the frost-susceptibility test revealed that soil
specimens in cylinders made of segmented rings 1 inch high usually gave
considerably higher heave rates than their counterparts in
inside-tapered solid-walled cylinders, especially at the highest rates
of frost penetration. Studies to simplify and reduce time for
frost-susceptibility testing are still in the development and
evaluation stage. When sufficient data are available from segmented
ring cylinders, it may be possible to correlate these data with the
maximum heave rate.

d. For each specimen listed in tables A-1 through A-3, a detailed
temperature and heave versus time plot for the complete period of
freezing 1s available in the USACRREL data files. A plot of moisture
content distribution with depth after freezing for each inch of
specimen height is also available. The tabular data presented in this
appendix give only the overall initial and final average water content,
the percentage of heave, and the rates of heave computed in the manner
detailed in the notes within the tables.

e. Figure 2-3 presents a summary grouping of the individual
envelopes shown in figures 2-2a-c. There are no distinct, neat
groupings, nor is there a unique heave rate for any given percentage of
0.02-millimeter grains in the gradation. The groupings overlap
considerably, and it should be noted that the Unified Soil
Classification System was not developed for frost classification but is
used here because of its wide acceptance in soils engineering.

A-2



Table A-1. Summary
System Nominal Load

The following table
equal to or greater
moisture content of
data from table A-1l
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of Frost-Susceptibility Tests on Natural Soils-Open
Pressure 0.5 psi

contains tests results on soils having dry weights
than 95 percent of compactive density and initial
85 percent or greater of saturation. Heave rate
is presented in figure 2-2.
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Table A-1. Summary of Frost-susccptlb!l!ty Tasts on Natural Soils -Open System Nominal Load Pressure 0.5 psi’
PHYSICAL PROPERTIES

SOIL GRADATION DATA (AS FROZEN) OF BASIC SOIL
. Uni fied Percent Finer, mm Coefficients Atterberg
Material Source Soi ! Maxi - ' (3) Limits (4)
Classifi- mum Specific
cation Size ) Gravity
Symbol 4.76 0.42 0,074 0.02 0.01 0,005 ¢ c LL PI
(2) u (3
in,
CLAYEY SANOY GRAVELS
washfngton. D.C. GW-GC 1-1/4 37 16.0 6.4 4,2 - 7.0 2.5 26.0 9.0 2,65
Washington, D,C, 1-1/4 37 16.0 6.4 4.2 - §7.0 2.5 26.0 9.0 ?.R8
Present Isle GP-~GC 3/74 37 14.0 1.0 6.6 5.0 3.2 145.0 16.0 24.9 8.7 2.72
Present Isle 3/4 33 15,0 12,0 8,7 6.9 - 315.0 32.0 22.3 a.1 2.75
CLAYEY SILTY GRAVELS
Clinton County GM-GC i-1/2 54 300 20.0 5.0 9.0 5.0 485.0 1.9 24.88 6.8 2.74
CLAYEY GRAVELS
Great Falls GC 1-1/2 48 36.0 22.0 17,0 15,0 12,0 4000.0 1.2 42.6 24,5 2.66
Loring 3/4 68 52.0 41.0 30,0 25.0 18,0 945.0° 0.1 22.1 7.8 2.73
Loring 3/4 68 52.0 41.0 30,0 25.0 18.0 945.0 0.1 22,1 7.8 2.73
Lor!ng /4 68 52.0 41,0 30.0 25.0 18.0 945.0 0.1 22.1 7.8 2,73
Loring 3/4 68 52,0 41.0 30,0 25.0 18.0 945.0 0.1 22.] 7.8 2.73
Loring 3/4 68 52,0 41.0 30.0 25.0 18.0 945.0 0,1 22.) 7.8 2.73
SANDS AND GRAVELLY SANDS
Stewart W 2 58 1S.0 ‘4.9 2.3 1§ 23,0 1.3 2.72
Stewart 2 58 15.0 49 2.3 .S b1 230 1.3 2.72
Plattsburg SP 1-1/2 S9 20.0 2.1 1.0 0.8 0.5 24.0 0.3 2.67
Plattsburg 1-1/2 59 20.0 2.1 1.0 0.8 0.5 24,0 0.3 2.67
Plattsburg 1 72 7.0 3.0 1.3 0.9 0.5 5,3 2.0 3,20
Fairchild 2 85 8.6 3.6 1.3 1,2 - 3.4 0.2 2.74
Fai rchild 2 70 6,9 3.4 1.4 1.3 - 4,7 1.3 2.74
Plattsburg 1-1/72 72 36.0 4.5 1.8 1.4 1.¢ 5.1 0,7 2.67
Plattsburg . . 1-1/2 72 36.0 4.5 1.8 1.4 1.0 S.1 0.7 2.67
GRAVELS AND SANDY GRAVELS
Alaska Highway GW 1 41 11.0 2.0 1.0 0.6 0.4 24, 1.1 2,75
Loring 3/4 43 9.0 3.9 1.8 (1%} 1.2 16,0 1.3 2.1
Loring 3/4 46 i0.0 4.4 3.4 2.9 2,1 18.0 1.4 2.7
Koflavik GP 2 37 9.0 3,0 1.0 - - 38,0 0.3 2.81
Alaska Highway | 44 1.0 2.6 1.2 0.7 0.5 26,0 0.9 2,73
Koflavik 3 38 12.0 4.1 1.6 0.9 0.5 91.0 0.5 2.64
SILTY SANDY GRAVELS
Koflavik GW~GM 3 32 14,0 6.0 2.1 1.1 0,1 158.0 2,7 2,65
toring 3/4 s3 10.0 6.2 4.9 4,4 3.4 15.0 1.0 2.
Loring . 3/4 §3 10.0 6.2 4.9 4,4 3.4 15,0 1.0 2.7
Loring 3/4 53 10.0 6,2 4,9 4.4 3.4 15,0 1.0 2.7(
Loring /4 53 10.0 6.2 4,9 4.4 3.4 15.0 I.0 2.7
Loring 2 4] 9.0 6.4 5.3 4.4 3.4 22.0 1.3 24,0 5.5 2.71
Marble Point GP-GM 2 56 32,0 11.0 3.7 3.0 2.0 101.0 0.3 ' 2.74
Marble Point 2 38 21,0 0.0 3.9 - - 185.0 5.7 2.75
Marble Point 2 38 21,0 10.0 3.9 - - 185.0 5.7 2,75
Project Blue Jay 3/4 54 32.0 10.0 4,0 2,2 1.5 139.0 0.2 2,73
CLAYEY GRAVELS _ ;
Loring GC 3/4 68 52.0 41,0 30.0 25.0 18,0 945.0 0.1 22,1 7.8 2.713
Loring 3/4 68 52.0 41,0 30,0 25.0 ,18.0 945.0 9.1 22,1 7.8 2.73
Loring 3/4 68 52.0 41,0  30.0 25.0 18,0 945.0 0.1 22,1 7.3 2.73
SANDS AND GRAVELLY SANDS
Plattsburg SP 3/8 80 1.0 0.1 0.1 0.1 «0,! 3.8 .0.9 2.96
SILTY GRAVELLY SANDS
Hutchinson's Pit SW-SM 2 57 20.0 8.7 5.0 3.5 2.0 43.0 1.3 2.7%
Hutchinson's Pit 2 57 20,0 8.7 s.0 3.5 2.0 43.0 1.1 2.7%
Thule SP-SM 3/4 65 41,0 8.6 2.8 2.0 i.4 35.0 0.3 2.75
Tobyhanna 1=1/2 59 39.0 8.5 4.5 2.5 1.8 6.0 0.2 2.72
SILTY SANDS
Alaska Highway SM - 106 100.0 33.0 2.5 - - 1.6 1,0 .79
Tobyhanna i-1/2 79 45,0 14,0 5.5 4,0 3.1 24,0 0.7 2.72
Dow 3/4 61 27.0 14,0 7.8 5.5 3.8 160.0 2.7 17.6 3.1 2.712
Fal rchild 3/4 7 34.0 23.0 1n.o 6.3 4.0 95.0 2.2 1.6 2.9 2.79
Ball Mountain 3/4 88 58.0 28.0 12,0 7.5 3.6 36.0 1.2 2.77
Ball Mountain 3/4 88 $8.0 28.0 12.0 7.5 3.6 36,0 1.2 2.77
Hill Field - 100 95.0 28.0 13.0 10.0 7.5 17.0 4.3 2.64
Project Blue Jay 3/4 70 54.0 31.0 19.0 12.0 8.5 147.0 0.4 16.0 3.7 2.70
Project Blue Jay 3/4 70 54.0 31.0 19.0 12,0 8.5 147.0 0.4 16.0 3.7 2.70

T
S
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Table A-1. Summary of Frost~Susceptibility Tests on Retura) Solls ~ Open System Nomina! Load Pressure 0.5 pnl' (Cont.)
PHYSICAL PROPERTIES
OF BASIC SOIL SPECIMEN DATA (AS MOLDED) FREEZING TEST DATA

Compaction Data (S)

Avg. Weter .
- Degree : G, at Content Heave
Naximum Optimum Dry of 117 ] 4 S Rate of Rete Frost
Ory Unit Moisture unit Compac= void of Before After Total Heave Ver. Susc.
wel ght Content Weight tion Ratio Test Test Test Heave mm/day Index Class
(6) M (8) (9) (10)
pef % pef % % % % % % Avg. Mos.
133.9(d) 4.7 138 101 0,220 97 8.0 12.7 15.6 2.1 3.0 1.42 [
133.9(d) 4,7 136 101 0.218 96 1,7 12.0 15.5 2.6 3.3 1.26 M
136.8(b) - 134 98 0.265 97 9.7 22.3 42.5 2.9 3.7 1.28 M
- - 13 96 C.250 98 8.8 16.2 19.9 1.5 2.0 1.33 L
130.2(a) 9.0 129 99 0.320 100 1n.? 30.3 65.6 4.6 5.7 1.24 M
140.0(q) 5.6 133 95 0.252 100 9.5 21.0 28.0 2.4 5.0 .08 LEL]
135.8(d) 7.5 129 95 0,320 100 1.6 34.8 84.4 4.0 6.8 1.70 H
135.8(d) 7.5 132 87 0.290 100 10.3 19.0 30.2 2.3 3.7 1.60 M
135.8(d) 7.5 136 100 0.250 100 9.0 17.6 28.5 1.5 2.7 1.80 L=M
135.8(d) 7.5 134 99 0.270 100 9.7 24.3 42.5 2.6 4.0 1.54 [
135.8(d) 7.5 132 97 0.290 95 10.0 32.0 8l.9 4,9 13.2 69 H=VH
139.9(b) - 136 97 0.254 100 9.7 18.1 20.6 2.9 4.0 1.38 [
139,9(b) - 136 97 0.250 100 9.3 21.4 32.3 2.4 3.8 1.58 [}
132.8(b) - 130 98 0.281 100 10.$ 1.2 6.0 0.6 0.7 1.6 VL
132.8(b) . - 130 98 0.283 100 10,6 12.8 9.6 0.3 0.4 1.33 M
139.1(b) - 139 100 0.440 86 1.7 1.7 7.5 0.3 0.4 1.33 M
119.2(b) - 118 98 0,469 100 17.0 19,0 10.4 0.8 1.6 2.00 vL-L
132.1(b) - 125 95 0.368 100 13.4 15.4 10.8 0.7 1.1 1.57 Vi-L
©125.2(b) - 124 99 0.338 95 12.0 12,0 5.3 0.6 0.8 1.23 Vi
125.2(b) - 125 100 0,329 90 12.3 13.9 9.8 0.7 0.9 1.28 Vi
143.9(b) - 136 95 0.26! 80 7.6 1.6 1.3 0.7 1.0 t.42 VL
143,8(d) €.1 123 86 0,374 9l 12,5 14,4 13.8 1.3 1.8 1.38 L
143.8(d) 6.1 130 90 0.300 98 10.8 n.a 8.3 ta 1.8 1.64 L
112.0(b) - 1312 100 0,562 82 16,6 16.6 9.3 0.} 0.1 1.00 M
143.3(b) - 127 95 0,341 83 10.4 13.9 9.6 0.7 1.3 1.86 vi-L
- 145,5 - 137 94 0,390 8l 1.4 1.4 7.8 0.5 1.4 2,80 vi-L
138.6(b) - 137 98 0.380 70 8.7 8.7 2.7 0.3 6.7 2.33 Ll
139.1(b) - 139 100 0.210 74 6.0 . 24.6 1.5 3.0 2.00 L-H
139. t{b) - 133 96 0.273 72 7.4 14.9 23.9 1.8 3.5 1.94 L-H
139.1(d) - 126 91 0,342 75 9.5 130 20.0 i.5 2.8 1.86 L=M
138.1({b) - 120 86 0.409 73 1.0 13.3 11.4 1. 1.7 1.54 ot
139.1(b) - 135 94 0,256 100 9.5 17.7 33.1 2.9 3.8 1.3) H
150.8(b) - 14t 9 0.213 100 7.8 12.8 17.0 1.4 2.2 1.57 T LM
145,6(b) - 137 94 0.252 100 9.2 9.6 3.5 0.3 0.8 2,66 VL
145.6(b) - 137 94 0,252 100 8.6 .o 7.7 0.6 1.0 1.66 VL
143.4(b) - 138 96 0,238 79 6.9 24.6 47,4 3.3 5.2 1.58 L=H
135.8(d) - 120 88 >0.420 97 15.1 639.7 134.3 8.0 13.8 1.72 VH
135.8(d) - 122 90 0.394 94 13,5 58.5 106.5 8.5 10.3 .58 H=VH
135.8(d) - 127 93 0,290 98 12,3 56.8 11,3 6.6 10.8 1.64 H=VH
126.7(b) - 127 100 0.455 80 12.3 12,3 1.4 0.} 0.1 1.00 M
143.3(c) 5.3 141 08 0,220 Nn 5.7 29.5 61.7 4.3 5.3 1,23 H
143.3 (c) 5.3 140 98 0,231 78 6.5 34.1 73.8 4.8 5.8 |.20_ H
143.7(b) - 135 94 0.27M 100 9.8 12.9 10.6 0.8 1.0 1.25 VL
140.6(b) - 132 94 0.280 100 10.0 26,5 24,6 1.4 2.8 2.00 M
105.7(b) - 104 98 0,672 78 18.9 24,0 7.0 0.3 0.5 1.66 H
140.6(b) - 130 92 0,300 100 . 27,2 38.0 2.6 5.5 2.12 HeH
136.7(b) - 135 99 0.254 60 5.5 35,7 70.5 4,0 $.8 1.45 H
144,4(b) - 134 93 0.287 100 10,3 30.3 56.0 3.0 5.2 1.7 HeH
141.8(d) 5.6 133 94 0,300 100 10.8 3e.5 7.3 6.1 7.2 1.18 H
141.8(d) 5.6 132 94 0,307 100 1. 30.4 45.6 5.3 7.2 1.36 H
120.4(d) - 13 94 0.460 95 15.6 26,2 16.8 1.9 2.7 1.42 L=H
137.3(d) 7.5 136 99 0,238 73 6.4 14.8 16.7 1.6 2,7 1.68 L~H
137.3(d) 7.5 132 96 0.275 68 6.9 26.9 37.4 3.0 5.8 1.93 L-H
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Teble A-1. Summary of Frost-Susceptibiiity Tests on Natural Solls - Open System Nomina! Load Pressure 0.5 psi' (Cont.)
PHYSICAL PROPERTIES

SOIL GRADATION DATA (AS FROZEN) OF BASIC SOIL
Unj fied Percent finer, mm Goefficients Atterberg
Haterial Source Soi | Haxi- Limits (4)
Classi fi~ mum Speci fic
cation Size Gravity
Symboli 4,76 0,42 0,074 0.02 0.01 0,005 ¢ c LL PI
(z) u c
in,
SILTY SANDS (CONT.)
Truax 3/4 92. 79.0 35.0 22,0 15.0 1.9 55.0 1.9 4.4 1.6 2,72
Truax 3/4 92 79.0 35.0 22.0 15,0 1.9 55.0 1.9 14.4 1.6 2,72
Truax 3/4 92 79.0 35.0 22.0 15.0 1.9 $5.0 1.9 14.4 1.6 2.72
Truax 3/4 92 79.0 35.0 22,0 15.0 1.9 55.0 1.9 14.4 1.6 2.72
Truax 3/4 92 79.0 35.0 22,0 15.0 1.9 $5.0 1.9 14,4 1.6 2,72
Plattsburg SM - 100 95.0 28.0 1.8 1.2 0.9 2.5 0.9 2.68
Plattsburg - 100 95.0 28.0 1.5 1.2 0.3 2,5 0.9 2,68
Alaska - 106 100.0 33.0 2.5 - - 1.6 1.0 2,79
Westover - 100 86.0 20.0 2.5 - - 4.1 1.2 2.69
Minnesota - 100 95,0 20.0 3.8 2.2 - 3.7 1.3 2.68
Bradley . 3/4 79 27.0 14,0 4.2 2,6 - 47,0 1.9 2.76
Bradley ' 3/4 67 3.0 14,0 4.4 2.6 - 62,0 0.9 2.76
3ethel - 100 100.0 21.0 4,5 2.5 1.0 3.0 . 2,68
Bethel - 100 100.0 21.0 4.5 2.5 1.0 3.0 1.1 2.68
Westover - 100 86.0 26.0 S.1 - - 27.0 1.3 2.69
Greenland 3/4 66 45,0 17.0 5.2 3.7 2.4 47.0 0.4 2.73
Greenland 3/4 66 45,0 17.0 5.2 3.7 2.4 47.0 0.4 2,13
Greenland 3/4 66 45.0 17.0 5.2 3.7 2.4 47,0 0.4 2,73
Project Blue Jay /4 82 53.0 21.0 6.0 5,2 2.8 25.0 0.6 2.7
Afghani stan 1 57 23,0 12,0 6.2 3.9 2.7 .o 3.1 2.69
Korea 2 88 43,0 18.0 6.5 4.0 2,5 28,6 1.3 2.58
Westover : - 100 85.0 27.0 7.0 - - 6.9 1.2 2.71
Westover - 100 85.0 27.0 7.0 - - 6.9 1.2 2.71
M.I.T, 2 84 47.0 13.0 7.5 3.3 3.6 17.0 1.9 2,70
M ILT, 2 76 49,0 17.0 7.8 4,5 3.0 28.0 1.4 2.70
Portsmouth 3/4 98 94.0 29.0 8.2 5.4 3.7 4.0 1.8 2.73
Minnesota - 100 97.0 48,0 8.8 4,5 - 4.4 0.8 2.72
Westover 2 $8 27.0 14,0 8.9 7.5 6.0 250.0 2,2 21,9 3.0 2.70
Volk Field - 100 88.0 13.0 1.0 9.5 7.7 20.0 7.5 2.72
Mansfield Hollow 3/4 78 53.0 23.0 1.0 7.5 4.5 38.0 1.3 2.70
Mansfield Hollow SM 3/4 7 53.0 23.0 11,0 7.5 4,5 38,0 1.3 2.70
Fairchild 3/4 " 34.0 23.0 11.0 6.3 4,0 95.0 2.2 21,6 2.0 2,79
Thule 3/4 73 47,0 20.0 12,0 9.0 6.9 7.0 1.8 14} 2.2 2.88
Thuie 3/4 73 47.0 20,0 12,0 9.0 6.9 71.0 1.8 14,1 2.2 2.88
Portsmouth 3/4 68 45.0 23,0 14,0 9.1 i.2 14.0 1,2 2.7
Westover 3/4 97 75.0 8.0 14,0 7.0 - t7.0 0.8 2.65
Truax 3/4 90 79.0 28,0 15,0 12,0 9.0 6.0 4,2 2.70
Minnesota 3/4 97 73.0 31.0 17.0 14,0 13.0 280,0 18.0 18.3 2.8 2,73
Truax 1/2 82 71.0 32.0 18,0 13,0 9.4 50.0 4.6 14,0 2,0 2,72
M. LT, 1-1/2 81 58.0 33,0 9.0 12.0 6.5 $6.0 0.9 20.7 0.9 2.70
Truax 3/4 82 7.0 32.0 19.0 13.0 9.5 50.0 4.6 14.4 t.6 2.72
Truax 3/4 92 79.0 35.0 22,0 15.0 12.0 55.0 1.9 14,4 1.6 2,72
Truax : 3/4 92 79.0 3.0 22,0 15,0 12,0 $5.0 1.9 14,4 1.6 2,72
Truax 3/4 92 79.0 3§.0 22,0 15.0 12.0 55,0 1.9 14.4 1.6 2.72
Truax 3/4 92 79.0 35,0 22.0 15,0 12,0 55,0 1.9 14.4 1.6 2,72
CLAYEY SILTY SANOS
Sioux Falls SM~SC 1 N 28.0 16.0 9.0 6.0 4.3 108.0 3.7 24.1 5.9 2,72
Loring 172 87 22,0 15,0 13.9 N.0 8.0 260.0 34,0 24,0 6.0 2.72
Thule 3/4 65 39.0 22.0 14,0 10.0 7.0 310.0 0.9 16.1 4,3 2.87
Thule 3/4 65 39.0 22,0 14.0 10.0 7.0 310.0 0.9 16.1 4.3 2.87
Casper 1-1/2 91 48,0 23.0 15.0 13,0 1.0 225.0 13.0 22,0 4.8 2,64
Patterson 1-1/2 62 33.0 22,0 15,0 10.0 5.5 400.0 2.7 22,0 6.1 .74
Casper 1-1/2 98 62,0 21,0 6,0 14,0 12,0 137.0 14.0 2i.8 6.0 2,65
Casper 3/4 98 68.0 29,0 18.0 16,0 14.0 195.0 11,0 22,0 4.6 2.66
Bong SH=SC 1-1/2 94 75.90 44,0 21.0 15.0 10.0 33.0 1.3 16.8 $.1 2.76
Bong 1-1/2 94 75.0° 44,0 21,0 15.0 0.0 33.0 1.3 16.8 5.1 .76
Bong 1-1/2 94 75.0 44.0 21.0 15.0 10.0 33.0 1.3 16.8 5.1 2.76
Loring 1-1/2 83 63,0 46,0 30,0 25.0 8.0 188.0 0.8 21,1 6.0 2.n
Loring 1-1/2 87 62.0 48,0 32,0 24.0 15.0 100.0 0,2 21.} 6.0 z.n
Fairchild 3/4 76 29.0 17.0 9.5 7.0 4,5 §5.0 7.2 24.% 6.3 2.77
toring 1-1/2 83 €0.0 47,0 34,0 27.0 20.0 320.0 0.3 21,1 6.0 2.7
CLAYEY SANDS
Pierre SC 1-1/2 67 31,0 t7.0 8.7 7.0 4,3 100.0 3.0 25,3 7.3 2.7
Fargo 3/4 98 33.0 17.0 9.5 7.3 5.5 50.0 5.2 30,7 10.5 2.70
Fargo 3/4 98 33.0 17.0 9.5 7.5 5.5 $0.0 5,2 30.7 10.5 2.70
Fargo 3/4 98 33.0 17.0 9.5 7.5 $.5 50.0 5.2 30,7 10.5 2.70
Fargo 3/4 38 33.0 17.0 9.5 7.8 5.5 50.0 5.2 30.7 10.5 2.70
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FREEZING TEST DATA

Compaction Data (5) Avg. Water '
Degree G. ot Content Heave
Haxi mum Optimum bry of Stary s Rate of Rate Frost
pry Unit Moisture unit Compec-  Void of Before  After  Total Heave var. susc.
wel ght Content Welght tion Ratio Test Test Test Heave mm/day Index Class
(6) n (8) (9) (10)
pof % pef % % % % % % Avg.  Mos.
137.3(d) 5.6 129 94 0.315 94 10.9 23.2 28.2 3.3 4.2 1.27 H=H
137.3(d) 5.6 11e 87 0.423 91 14.3 16.5 7.4 1. t.7 1.54 L
137.3(d) 5.6 126 g1 0.350 90 1.7 17.0 13.0 2.0 3.0 1.50 [}
137.3(d) 5.6 126 9] 0,348 100 12.8 27.0 41.2 2.8 3.5 1.25 H
137.3(d) 5.6 18 86 0.431 100 15%.9 24,0 20,2 1.4 2.0 1.42 L
110,3(b) - 107 97 0,567 85 18.6 18.7 4.4 0.2 0.5 2,50 M
110.3(b) - 109 99 0,540 96 18.2 19.2 4.4 0.1 0.2 2.00 M
106.4(b) - 108 101 0.605 100 21,7 24.6 8.4 0.7 1.5 2.14 vi-L
119.9(b) - 115 96 0.458 99 18.5 17.6 4,3 0.2 0.3 1.50 M
114.,2(d) - 114 100 0.434 99 16.0 42.8 48.8 2.3 9.3 4,04 M=~VH
133.6(b) - 133 100 0,300 100 10.9 20.6 20.0 1.2 1.6 1.33 L
143, 1 (b) - 143 100 0,202 100 7.3 21.9 21,9 2.4 3.3 1,38 M
106.4(d) - 106 100 0.578 26 20,7 21.6 21.6 0.5 1.0 2.00 VL
106.4(d) - 105 99 0,593 88 19.4 21.6 21.6 0.6 1.0 1.66 VL
114.3(b) - 114 100 0.467 100 17.7 23.9 14,2 0.7 1.0 1.42 VL
137.9(b) - 135 98 0.258 100 9.5 22.6 3s5.3 2,2 2.7 1.22 *
137.9(b) - 137 99 0.244 97 8.6 31.6 60,2 3.8 5.5 1.44 H=H
137.9(b) - 136 99 0.252 100 9.2 22,9 38.4 2.0 2.9 1.45 M
136.0(c) 7.0 129 a5 0.312 88 0.0 28.5 36.9 2.9 3.8 1.3 M
144,6(b) - 144 99 0,188 a8 6.0 13.9 24,7 2.2 3.7 1.68 M
120.0(b) - 120 99 0.398 26 12.5 27.2 38.5 5.5 8.0 1.45 H
116.4(b) - "7 100 0.450 100 16.5 26.5 19,6 1.2 1.8 1.50 L
V16.4(b) - 1R 95 0.521 100 19.2 22,4 10.8 0.6 1.3 2.16 vi-L
.123,0(d) 13.2 123 100 0.374 96 13.2 21,9 22,4 2.3 3.2 1.39 M
122.1(d) 14,2 122 100 0.384 100 14,2 25,3 28.3 1.9 2.7 1.42 L=M
11,2(d) - 108 98 0.560 96 18.8 26.2 13.5 0.8 1.5 1.86 Vi=M
126,0(b) - 120 o5 0.419 99 15.3 22.6 18.3 1.4 3.3 2.35 L-M
129.4(b) - 128 > 99 0.312 100 11.5 12.4 8.5 0.9 1.2 1.33 VL=t
119.5(b) - 114 a5 0,375 100 16.7 33.5 37.2 2.2 3.0 1.36 M
136.0(d) - 131 96 0.290 o8 10.5 30.1 45,0 3.3 4.0 1.21 M
136.0(d) - 131 96 0.281 1] 9.5 24,2 35.3 4.6 6.5 1.41 M~H
142.9(k) - 136 s 0,280 100 10.0 22.2 27.1 2.8 4.8 1.7 M=H
150.9{b) - 145 96 0,243 100 8.4 36.2 58.0 2.6 5.3 2.04 M=H
150.9(b} - 144 g5 0,248 a8 8.4 34,1} 66.4 3.0 6.5 2.16 M-H
128.6(b) - 127 98 0.333 100 12,3 46,1 81.8 5.6 8.8 1.57 H~VH
- - 112 > 95 0,483 97 17.6 73.1 116.8 4.9 7.4 1.51 H
137.3(d) 5.6 130 95 0.300 93 10.2 19.5 23,2 1.5 2,7 1.80 L-M
130.2(b) - 124 95 0.374 100 13.7 63.3 118.0 €.3 10.2 1.62 H=VH
- - 129 > 95 0.311 95 10.8 14.8 10.8 2,2 3.0 1.36 M
119,0(d) 15.0 e 100 0.404 100 15.0 30.2 35.4 2.1 2,8 1.33 M
139.0(c) 5.3 136 98 0.246 100 9.1 17.2 21.0 1.8 3.5 1.94 L-M
137.3(d) 5.6 130 95 0.303 [[] 1.t 18.2 22.0 2.5 2.8 1.12 M
137.3(d) 5.6 134 98 0.265 98 9.6 14.9 14,7 ‘2,5 2.8 1.12 M
137.3(d) 5.6 139 102 0.216 100 8.0 16.3 15.5 1.3 1.7 1.30 L
137.3(¢) 5.6 132 96 0,280 100 10.3 23.3 37.! 2.9 3.3 1.34 M
137.0(d) 7.2 13! 96 0.292 100 10.6 15.7 16.6 1.7 2.7 1.58 L=M
139.1(b) - 134 96 0.265 98 9,7 29.1 $6.7 5.5 7.5 1.36 H
152.5(b) - 148 97 0,218 - 100 7.5 31.0 61.4 2,6 4.7 1.80 M-H
152.5(b) - 146 96 0.223 100 7.8 35.9 68.8 3.3 6.5 1.96 M=H
120.8(d) 7.2 120 99 0.378 100 t4.2 19.6 i7.1 1.5 2.7 1..80 L=M
- - 135 95 0,267 100 9.7 26.0 44 .4 3.3 4,2 1.27 M=H
120,.8(d) 7.2 118 98 0,403 100 15.2 21.7 17.7 1.6 2.3 1.44 L=M
120.8(d) 7.2 e 29 0,393 .95 14,0 22.0 20.0 2,2 3.2 1.45 M
139.5(c) - 135 97 0.290 100 10.8 131 13.1 1.3 2.0 1.54 L
139.5(c) - 136 97 0.267 100 $.7 12.8 12.8 1.3 1.7 1.3¢C L
138.5(¢) - 134 96 0.282 100 10.2 16.2 21.8 1.7 3.7 2.18 L-M
' - - 127 > 95 0.334 100 12.3 44.0 77.6 6.7 8.7 1.30 HeVH
- - 127 > 85 0,334 100 12.3 50.1 56.9 2.8 3.3 1.18 H
142.1(b) - - 131 92 0.314 94 10.7 22.7 29.0 . 3.2 5.7 1.78 K=K
135.8(d) - 123 9i 0.369 100 13.5 78.8 159.4 15.4 21.3 1.38 H
134,5(d) 6.9 123 91 0.381 100 14,0 16.5 9.7 0.6 0.7 1.16 VL
127.2(d) 8.0 113 89 0.494 87 15.9 40.5 52.6 5.0 7.8 1.56 H
127,2(d) 9.0 117 92 0.438 89 14,4 37.6 40.8 3.5 5.5 1.57 H-W
127.2(d) 9.0 103 81 0.641 89 25.1 74.9 80.0 2.9 5.0 1,72 M-H
127.2(d) 9.0 107 84 0.581 100 23.1 33.8 28.8 1.9 2.8 1.47 L=M
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Table A-1. Summary of Frost-Susceptibility Tests on Natural Soils - Open System Nominal Load Pressure 0.5 pslI (cont.)
‘ PHYSICAL PROPERTIES

SOIL GRADATION DATA (AS FROZEN) OF BASIC SOIL
Uni fied . Percent finer, mm Coefficients Atterberg
Material Source <ol | Maxi - (3) Limits (4)

Classifi- mum : Speci fic
cation Size Gravity
symool 4.76 0.42 0.074 0.02 oO.01 0.008 Cy Ce LL PI

(2)
in,

CLAYEY SANDS (CONT.)
Fargo 3/4 98 33 17 9.5 7.5 5.5 S0 5.2 30,7 10.5 2.70
fargo 3/4 98 33 17 9.5 7.5 5.3 S0 5.2 30.7 10.5 2.70
Project 8lue Jay 3/4 73 S5 35 23.0 20,0 15,0 500 1.7 24,7 3.1 2.73
Lowry - 100 36 39 25.0 21.0 17.0 150 6.9 24,8 7.3 2.64
Lowry - 100 86 39 25.0 21,0 17.0 150 5,9 24.5 7.8 2,64
Lowry - 100 36 39 25,0 21.0 17.0 150 6.3 24.5 7.3 2,84
Lowry - 100 0 44 32.0 28.0 22.0 150 1.5 24,5 7.3 2.64

SILTS AND SANDY SILTS ' .
New Hampshire ML - 100 99 97 60.0 22.0 10.0 - - 26,6 0.1 2.70
New Hampshi re - 100 99 97 60.0 22.0 10.0 - - 26.6 0.1 2.70
New Hampshire - 100 99 97 60.0 22,0 10.0 - - 26.6 a.1 2.70
New Hampshire - 100 99 97 60.0 22.0 10.0 - - 26.6 0.1 2.70
New Hampshire - 100 99 97 60.0 22.0 10.0 - - 26.6 2.1 2.70

CLAYEY SILTS . :
pow Field ML=-CL 3/4 38 76 66 40.0 30.0 20.0 - - 22.0 Q.3 2.
Loring 3/4 84 70 59 44.0 35.0 27.0 - - FA 6.0 2.70
Loring 1 90 73 61 43.0 40.0 30.0 - - 21,1 6.0 2.70
New Hampshire - 100 96 90 s7.0  36.0 16.0 - 24.3 S.1 2.7
New Hampshire - 100 96 90 67.0 36.0 16.0 - - 24.8 5.1 2.70
New Hampshire - 100 96 90 67.0 36.0 16.0 - - 24.8 5.1 2.0
New “ampshire - 100 97 93 67.0 39.0 26.0 - - 26.5 5.0 2N
New Hampshire - 100 97 93 67,0  39.0 26.0 - - 26,5 6.0 2.7
New Hampshire - 100 97 93 67.0 39.0 26.0 - - 26.5 5.0 N
New Hampshire - 100 97 a3 67.0 39.9 28.0 - - 26.5 6.0 2.7t

SILTS WITH ORGANICS .
Fai rbanks ML-OL - 100 100 95 32.0 16.0 10,0 - - 28.4 4.4 2.72
Fai rbanks - 100 100 s 32.0 16.0 10,0 - - 28.4 4.4 2.72
Fai rbanks - 100 100 98 32.0 16.0 10.0 - - 28.4 4,4 2.72
Ladd Field - 100 100 91 38.0 13.0 6.0 - - 31.6 ¢.0 2.75
Ladd Field - 100 100 N 38.0 13.0 8.0 - - 31,6 0.9 2,75
Ladd Field - 100 100 91 38.0 13.0 6.3 - 31.6 0.0 2.75
Fai rbanks - - 100 100 94 40.0 23.0 13.0 - - 25.3 3.8 2.67
Fairbanks - 100 100 94 40,0 23.0 13.0 - - 25.3 3.3 2,67
Fai rbanks - 100 100 94 40,0 23.0 13.0 - - 25.3 3.3 2.67
Fai rbanks - 100 100 97 42,0 22.0 12.0 - - 25.3 3.3 2.88

LEAN CLAYS
pPortsmouth cL - 100 98 Nn 33.0 24,0 19.0 - - 28.0 12.0 2.nNn
Crosby - 100 98 91 58,0 41,0 3.0 - - 36.3 16.8 2.78
Greenland - 100 100 97 60.0 43.0 34.0 - - 31.3 15.2 2,79
Yukon . - 100 100 100 87.0 37.9 29.0 - - 28.0 3.9 2.7
Yukon - 100 100 100 87,0 37.0 29.0 - - 28.0 3.6 2.74
Yukon - 190 100 100 87.0 37.0 29.0 - - 28.0 3.8 2.74
fukon - 100 100 100 7.0 37.0 29.0 - - 28.0 3.8 2,74
Yukon . - 100 00 100 67.0 37.0 29,90 - - 28.0 3.8 2.74

LEAN CLAYS WITH ORGANICS
Malad, Idaho CL-0L - 100 99 96 65.0 48.0 35,0 - - 37.0 13.0 2.53
Malad, ldaho - 100 9 96 65.0 43.0 35.0 - - 37.0 13.0 2,53
Malad, Idaho - 100 99 96 650 48.0 35,0 - - 37.0 13.0 2,38
Malad, Idaho - 100 99 96 85.0 48.0 38.0 - - 37.0 13.0 2.58

FAT CLAYS
Frederick cH . - 100 99 74 61.0 52.0 43.0 - - 55.0 37.0 2.38
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Tabie A=1, Summary of Frost-Susceptibllity Tests on Natursl Soils - Opan System Nominel Load Pressure 0.5 psll (Cont.)
PHYSICAL PROPERYIES

OF BASIC SOIL SPECIMEN DATA (AS MOLDED) FREEZING TEST DATA
Compaction Data (5) Avg. Mater
Degree G. ot Content Heave
Maximum Optimum Dry of . Stert Rate of Rate Frost
Dry Unit Moi sture Unit Compac~ void of pefore After Yotal Heave var. Susc.
Wei ght Content weight tion Ratlo. Test Test Test Heave mm/day Index Class
() ) ® (10)
“pef % pef % % % % % % Avg.  Mos.
127.2(d) 9.0 108 85 0.560 100 20.8 60.2 65.0 3.9 6.2 1.58 M=H
127.2(d} 9.0 112 88 0.507 100 18.8 41,9 49,0 3.0 4,3 1.43 M=H
133.1(d) 9.4 128 96 0.334 a3 10.0 44,4 770 5.1 8.2 1.80 H=VL
121.0(d) - 2 92 0.468 100 17.7 34,3 37.8 2.7 4,3 1.59 M=H
121.0(d) - m 91 0.491 100 18.6 28,1 42,8 3.2 4,0 1.25 H=M
121.0(d) - "2 92 0.467 o8 17.4 27.4 32.1 2.9 3.8 1.31 M
121.0(d) - n2 92 0,472 100 17.8 57,0 103.3 5.8 8.0 1.38 H
106.7(c) 16.5 90 85 . 0.872 100 32.3 72.0 60.4 8.3 12.8 1.54 VH
He.7{¢) 16.5 95 89 0,773 100 28.5 63.7 68.8 9.3 1.7 1.26 VR
106.7(c) 16.5 98 82 0.712 100 26.0 123.2 72.7 6.2 12.7 2,04 H~VH
106.7(c) 16.5 a5 89 0.781 100 26.8 166.6 105.6 1.4 15,7 1.38 VH
106.7 (<) 16.5 97 a 0,742 100 27.4 185.4 144.4 15.9 19.0 1.19 VH
127.6{d) - 119 93 0.418 100 15.4 87.1 155.4 11.4 16.3 1.42 VH
133.8(d) 8.3 "2 84 0,506 99 18.5 78.0 164.4 13. 19.6 . 1.,47 VH
133,8(d) 8.3 "3 85 0.502 8% 15.0 LYS | 82.1 7.4 15.0 2.82 HeVH
106.7(c} 16.5 100 94 0.685 100 25.4 166.3 262.2 12.3 16.5 1.34 VH
|05.7(c)_ 16.5 939 93 0,702 100 26,0 103.3 139.3 13.3 20,5 1.54 VH
106.7(c) 16.5 100 94 0,685 100 25.3 95.8 119.1 t1.5 17.0 1.48 VH
109.9(d) 15.6 105 96 0.605 70 15.7 164.6 275.5 27.6 36.6 1.3C VH
109.9(d) 15.6 105 96 0,605 82 18.2 138.9 221.7 22.7 2V.8 1.26 VH
y.9(d) 15.6 106 96 0.600 61 13.4 161.3 275.8 26.2 33.7 1.28 VH
109.9(d) 15.6 104 94 0.631 100 23,3 142.1 226.4 24.7 31.3 1.26 VH
112.5(d) 15,7 85 75 1.000 100 36.6 34.4 2.9 0.5 1.0 2.00 VL
112.5(d) 15,7 30 80 0,890 100 32.6 34.6 7.9 0.7 1.5 2.14 vi-~L
112.5(d) 15.7 98 87 0.740 100 26.9 29.2 12.4 0.5 1.7 3.40 vi-L
101.6(d) 18,1 84 83 1.040 98 Y| 38.4 7.8 0.6 1.5 2.50 vi-L
101.6(d) 18.1 90 89 0.899 97 31.6 35.8 n.2 0.6 1.0 1.66 vL
101.6(d) 18.1 94 93 0.811 99 29.4 36.8 25.5% 1.8 2,0 1.1% L
107.4(d) 17.1 94 88 0,702 96 25.0 65,5 124.0 4.5 8.7 1.92 H=VH
107.4(d) 171 98 9t 0.703 100 26.2 65,8 81,8 7.4 8.7 1.76 H=VH
108.4(d) 17,1 97 9N 0.717 100 26.8 82.1% 1021 8.0 9.7 1.21 VH
108.5 (d) 14.8 99 9t 0.695 86 22.4 . 30.1 10.4 0.7 1.2 1.7 Vi-L
113.4(d) - 113 100 0.474 92 16.3 38.0 47.1% 4,0 4,8 1,20 H
119.2(a) 13,5 "7 98 0.485 100 17.5 24,6 17.7 1.4 2.3 1.64 L-M
119.4(d) 15.0 ne 97 0.518 100 18.3 30.1 26.8 2.2 5.3 2.40 M=M
121,4(d) 12.8 1M7 96 0,460 89 15.0 22,0 24,0 1.1 2,5 2.27 L-M
121.4(d) 12.8 118 97 0,448 94 15.4 33.0 45,7 3.8 5.3 1,39 MM
121.4(d) 12.8 123 101 0,385 100 141 28.5 38.5 2.% 4.0 1.80 M
121.4(d) 12.8 120 98 0.424 100 15.5 29,1 34.3 1.8 3.7 2.06 L=M
121.4(d) 12.8 115 a5 0.476 94 16.5 36.6 46.2 2.5 4,2 1,68 M=M
94.6 21.0(a) 29 99 0,630 100 24,4 .4 20,9 3.4 .4,0 1.18 M
CN 21.0(a) 96 96 0.676 100 26.3 60.8 €1.0 4.6 7.3 1.58 M
99,6 21.0(a) 98 a8 0.644 100 25.0 42,5 4:.3 4.1 5.2 1.26 L
98,6 21.0(a) 98 99 0.627 - 100 24,3 45,0 45,0 4,2 5.0 1.18 M
106.7 19.5(a) 105 98 0,715 86 21.2 38.4 3%.0 0.8 1.7 2.12 vL~L
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Table A-}. Summary of Frost-Susceptibility Tests on Natural Solls - Open System Nominal Load Pressure 0.5 pul' (Cont.)

NOTES:

Data based on 6-inch molded specimens frozen under laboratory conditions of 85 percent or greater saturation before freezing,
molded dry wt. = 95 percent or greater of applicable standard, penetration rate of 1/4 or 1/2 inch/day at 32 degrees, and

free water at specimen base (38 dngrns)..
Soll classifications according to MIL~5TD-619 (CE).
Gradation coefficients (MIL-STD-619 (CE)): ¢, =0 and cc - (030)2

(PR (98

Atterberg limits on plastic materials only. Test on material passing No. 40 sieve only,

]

I

hod
=3

Natural soil maximum dry weight and optimum moisture for compaction test type: a) AASHTO T99 Method A, b) Providence
vibrated density test, c) AASHTO T180 Method D, d) AASHTO TI80 Method A, e) Harvard minature compaction.

Saturstion percent at start of freezing test (drained for 24 hours),

Based on orliginal frozen height,

Average rate of hesve datermined from maximum representative portion of heave versus time plot (minimum S consecutive days).
Maximum heave rate (averags of 3 highest daily heave rates)/average heave rate (see Note 7).

Definition of classes by rate of heave (mm/day): N (negligible) 0-0.5, VL (very tow) 0.5-1.0, L (low) 1.0-2.0, M (medium)

2.0-4,0, H (high) 4.0~8.0, Vi (very high) above 8.0,

U.S. Army Corps of Engineers

A-10
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Table A-2. Summary of Supplementary Frost-Susceptibility Tests on
Natural Soils - Open System Nominal Load Pressure 0.5 psi

The following table contains tests results on soil samples that did not
meet the criteria of 95 percent dry weight or 85 percent moisture

content,

A-11
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Table A-2. Summary of Supplementary Frost-Susceptibility Tests on Natural Soils - .Open System Nominal Load Pressurs 0.5 psil

PHYSICAL PROPERTIES
SOIL GRADATION DATA (AS FROZEN) OF BASIC SOIL
Uni fied . Parcent Finer, mm Coefficients Atterberg
Material Source Soil MHaxi - (3) Limits (4)
Classifl- mum : speci fic
cation Size Gravity
Syznb)ol 4,76 0,42 0.074 Q.02 0.01 0.005 <, Cc L Pl
2
in,
SILTY GRAVELLY SANDS
Koflavik SW=SM 3/4 57 16 5.0 1.4 - - 27.0 1.1 2.81
8.P.R, Alaska 1 68 12 S.6 2.9 2.3 1. 10.0 1.0 2,75
Spokane 1-1/2 68 n 7.0 3.5 2.3 1.2 6.7 1.4 2.80
Mi nnesota 2 69 20 9.8 3.8 - - 28.0 1.8 2.73
Stewart 2 68 26 9.1 4.0 2.9 1.8 3.0 1.1 19.3 4.3 2,70
Stewart SW-SM 2 68 26 9.1 4.0 2.9 1.8 31.0 1.1 19.3 4.3 2.70
M.I.T. 1-1/72 70 29 9.7 4,4 3.2 2.5 24,0 1.2 2.70
Hutchinson's Pit i 57 20 8.7 5.0 3.5 2,0 43.0 1.1 2.75
Hutchinson's Pit ] 57 20 8.7 5,0 3.5 2.0 43.0 1.1 2.75
Hutchinson's Pit 1 57 20 8.7 5.0 3.5 2.0 4a3.0 1.1 2.75
Loring 1/2 62 13 7.2 5.7 5.0 4.0 15.0 1.3 2.7
Rapid City t-1/2 57 30 12.0 8.7 7.1 5.8 183.0 1.1 19.0 2.0 2,75
Afghanistan 2 58 23 8.2 3.7 2.3 1.8 4.0 1.2 2.7
Greenland SP-SM 3/4 60 39 9.7 1.8 0.8 - 62,0 0.2 2.73
Fai rchi id 2 84 il $.3 1.9 1.7 - 4.0 1.6 2.78
Minnesota - 100 n 8.8 2.2 1.3 - 4.3 1.8 2.70
Volk Field - 100 86 5.0 2.6 2.4 1.8 2.0 0.9 2.66
Indiana - 100 100 6.3 2.6 2,2 1.7 1.9 1.0 2.65
indiana - 100 1{e] 6.3 2.6 2.2 1.7 1.9 1.0 2.65
Indiana - 100 100 6,3 2,6 2.2 1.7 1.9 1.0 2.65
Minot I=1/2 73 1 5.2 2.7 2.2 - 1.6 8.1 0.9 2.73
Dow Field 3/4 66 18 6.0 2.8 1.7 1.0 5.0 0.9 2,72
selfridge 1-1/2 74 25 6.9 3.2 2.7 1.8 15.0 0.8 2.70
selfridge ' 1-1/2 77 27 7.1 3.3 3.0 2,8 13.0 0.7 2.70
Schenectady 3/4 99 84 10.0 3.3 3,0 2.0 3.4 1.8 2.68
Schenectady SP-SM 3/4 99 84 10,0 3.3 3.0 2,0 3.4 1.8 2.68
Kinross 1=1/2 98 80 3.8 3.3 2.0 0.9 2.8 1.4 2,62
Kinross - 100 82 9.0 3.4 2.0 0.9 2.8 1.4 2.62
Kinross - 100 82 9.0 3.4 2.0 0.9 2.8 1.4 2,63
Hutchinson's Pit 2 56 17 6.0 3.5 2.4 - 28,0 0.7 2.74
Korea 2-1/2 58 28 9.4 3.5 2.1 1.4 11,0 0.3 2,61
Korea 241/2 56 28 9.4 3.5 2,1 1.4 11,0 0.3 2.61
tincoln 1 66 22 6.5 3.9 2.7 2.0 7.0 0.9 2,65
Spokana 3/4 79 13 8.1 4,1 2.7 1.5 6.4 3.2 2.30
Spokane 3/4 79 n 8.1 4,1 2.7 1.5 6.4 3,2 2.30
Kinross 3/4 92 87 9.0 4.5 2.9 1.8 a.2 1.2 2.65
Kinross } 3/4 92 67 9.0 4.5 2.9 1.8 4.2 1.2 2.65
Kinross 1-1/2 92 87 9.0 4,5 2.9 1.8 4,2 1.2 2.65
project Blue Jay 3/4 n 46 10.0 4.5 4.0 1.8 20,0 0.3 2.70
Project Blue Jay 3/4 7 46 10.0 4.5 4,0 1.8 20,0 0.3 2.70
Tobyhanna 1-1/2 59 39 8.5 4.5 2.5 1.6 6.0 0.2 2.72
Lincoln : | 30 24 6.5 4.9 3.8 3.0 15.0 0.8 2.65
Lincoln 1 63 30 7.0 5.0 3.0 2,0 28.0 0.4 2,65
Lincoln | 72 27 7.8 5.0 4,0 3.2 16,0 0.6 2.85
Cape Dyer 2 61 29 9.7 S.1 4.2 3.1 §2.0 0.7 2.68
Afghanistan SP-SM i n 32 1.9 5.5 3.9 2.8 - - 2.73
West Virginia t=1/2 57 33 10.0 5.6 4.5 - 81.0 0.3 2.70
Voik Fleld z 94 83 10.0 5.6 5.0 3.6 3.0 1.5 2.62
Loring i 65 14 8.0 7.1 6.2 4.6 260.0 34.0 24,0 6.0 2.7
Loring 1 88 17 10.0 8.2 7.2 5.8 20,0 4.9 2.72
CLAYEY SANDS

Fargo s¢ 3/4 98 33 17.9 9.5 7.5 5.5 §0.0 §.2 30.7 10.5 2.70
Fargo 3/4 98 a3 17.0 9.5 7.5 5.5 50.0 S§.2 30.7 10.5 2,70
Project 8lue Jay 3/4 73 58 35.0 23.0 20.0 15.5 500,0 1.7 24,7 8.t 2,70
Breed's Hill (EDT) 3/a 76 60 41.0 24.0 - - 191.0 t.d 24,0 1.0 2.75
Westover 3 82 66 48.0 30.0 23.0 17.0 115.0 0.9 20.7 7.2 2.7
Minnesota 3/4 97 78 43.0 3.0 - - - - 28.7 10.7 2,7¢
“Project Blue Jay 3/4 80 58 44.0 35.0 31.0 22.0 3t0.0 0.1 18.6 9.2 2,75
Project Blue Jay 3/4 80 58 4.0 35.0 0.1 18.6 9.2 2,75

31.0 22.0 3lo.0
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ptibility Tests on Naturs! $olls - Open System Nominal Load Pressure 0.5 psl' (cont.)

Compaction Data (5) . Avg. .Water
Degree G. ot content Heave
Maximum Optimum Dry of Start Rate of Rete Frost
pry Unit Molsture Unit Compac= void of Before After Total . Heave var, Susc.
Weight Content Weight tion Ratio Test Test Test Neave mm/day Index Class
. (6) (7) (8) (9) (10)
pef % pcf % % % % % Avg.  Mos.
112.0(b) - i 99 0.532 100 19.5 19.3 2.0 0.3 0.5 1.66 L
123.1(b) - Nz 95 0,467 93 15.8 21.6 15.7 1.2 1.8 1.50 L
- - 128 > 9§ 0.365 100 13.0 15.8 13.6 1.1 2.0 1.82 L
135.6(d) 6.5 138 100 0.268 97 9.4 22.0 37.0 2.8 4.3 1.54 M=M
141,7(b) - 139 98 0.214 100 8.6 18.2 27.9 4.4 6.0 1.35 H
141.7(b) - 138 98 0.224 100 8.5 20.4 32.2 2.7 4.3 1.39 MM
137.9(b) - 13} 95 0.285 97 10,2 20,7 21,9 1.2 2.0 1.66 L
143,3(c) 5.3 144 101 0.179 99 6.7 24,7 49,7 6.1 7.7 1.26 M
143.3(c) 5.3 141 98 0.221 87 7.0 3z7.0 81.3 4.8 5.8 1.20 M
143,3(c) 5.3 138 26 0.242 99 8.7 23.3 43.8 3.5 4.8 1.37 M=M
139, 1(b) - - 138 97 0.256 98 9.2 24.7 37.4 3.3 4.7 1.42 MM
- - 137 > 95 0.253 98 8.9 13.9 16.4 b7 2,5 .47 LM
146,7(b) - 147 >100 0.150 100 5.4 16.4 3.3 3.7 5.3 1.43 MM
138.0(d) 5.3 137 99 0.246 100 9.0 16.9 20,4 1.3 1.8 1.38 L
123.5(b) - 121 98 0.421 100 15.3 17.9 10.8 0.9 1.5 1.66 vi-L
114,4(b) - 114 100 0.473 100 16.8 16.0 2.4 0.2 0.5 2.50 L
115.6(b) - 1s 100 0.450 100 15,3 16.3 2.8 0.1 0.5 5,00 M
107.1(b) - 109 102 0.516 100 19.3 16,7 0.7 0.1 0.5 5.00 M
107, 1(b) - 109 98 0,576 100 21.8 19,8 1.3 0.1 0.5 5.00 M
107.1(b) - 109 102 0.514 100 19.4 20,5 2.3 0.4 0.5 1.25 M
130.5(b) - 129 99 0.318 100 1.5 14.3 8.8 +0,5- 1.0 2.00 vL
137.6(b) - 133 97 0,278 100 10,7 21.8 27.6 1.8 3.3 1.83 LM
126.8(b) - 127 100 0,329 100 12.2 19,9 18.3 1.0 1.7 1.70 L
126.8(b) - 127 100 0,329 100 12,2 20.7 18.0 1.2 2.2 1.83 L-M
113.0(b) - 113 100 0.484 98 17.7 25.5 16.5 1.1 2.2 2.00 L=M
113.0(b) - 12 99 0,487 100 18.2 26.2 17.5 1.0 2.0 2.00 L
109.0(b) - 108 99 0.518 100 19.8 21.5 6.2 0.7 1.2 t.n vi-L
109,0(b) - 106 98 0.542 100 20.6 20,9 3.3 0.4 0.7 1.75 M-VL
109.0(b) - 105 97 0,552 100 20.4 21.1 4.0 0.4 0.8 2.00 MeVL
141,0(b) - 140 99 0.222 100 8.1 18.2 28.1 3.7 5.5 1.48 M
127,0(k) - 126 100 0.268 96 9.6 13.0 46.2 2.2 3.5 1.59 M
127.0(b) . - 124 98 0.310 99 1.9 17.3 20.8 3.8 5.0 1.32 M-M
134.,0(d) - 134 100 0.238 100 8.0 13.7 14.0 0.8 1.4 1.75 vi-L
- - 128 < 95 0,361 100 12.6 17,7 13,5 1.4 1.4 1.27 L
- - 128 < 95 0,351 90 1.3 18.5 16.3 1.4 2.3 1.64 L-M
120.4(b) - s as 0.438 100 16.5 19.3 B.2 0.8 1.7 2,12 ViL-L
120.4(b) - 119 28 0.396 100 14.9 31,1 36.5 2.7 3.7 1.37 M
120.4(b) - 120 100 0,367 99 13.9 32.9 44 .4 5.4 7.8 1.44 M
142,.6(b) - 138 97 0.215 100 8.0 25.8 29.0 3.1 4.5 1,45 MH
142.6(b) - 137 96 0,230 100 8.5 37.8 69,4 3.2 5.8 1.81 MH
140.,4(b) - 134 96 0.280 100 9.9 20.2 21,8 1.5 1 2.3 1.53 L~M
133.1 (b} - 138 101 0.228 98 8,6 13.5 14,9 1.0 1.4 1.40 L
133.1(b) - 137 103 0,212 100 8.0 12,7 15.8 1.0 1.4 1.40 L
133.1(b) - 132 99 0,250 98 9.3 15.6 19.6 1.2 1.7 1.42 L
134.8(h) - 130 97 0,289 94 10,1 24.) 37.3 2,1 3.3 1.57 M
143,2(b) - 141 - 0,208 96 7.2 19.8 35.5 3.9 7.8 1.82 MH
129.1(b) - 125 97 0.343 87 11.3 23.4 27.6 1.8 3.3 1.83 L=M
121.6(b) - 120 97 0.364 100 13.9 31.2 39.2 2.3 3.2 1.39 M
139.1(b) - 135 97 0,254 93 8.6 14.6 17.4 2.0 3.8 1.90 M
139, 1(b) - 135 97 0.259 98 8.5 3i.6 59.8 2,0 4,2 2.10 MH
127.2(d) 9.0 123 97 0,374 100 13.9 21,5 18.7 1.5 2.7 1.80 L-M
127.2(d) 9.0 18 93 0.424 100 15.7 32.8 42.4 3.3 4.5 1.36 M-H
133,1(c) 9.8 134 101 0.272 100 8.0 17,9 25.3 2.2 2.8 1.27 M
138.7(c) 7.2 139 100 0.237 94 8.0 10.5 7.3 0.6 1.0 1.66 Vi
- - 130 > 95 0.297 100 10.9 22.3 3.5 3.1 4.6 1.48 M=M
- - 114 > 95 0.478 91 16.2 32.0 38.6 1.8 2.5 1.38 L-M
139.6(c) 7.0 139 100 0,234 100 8.5 17.3 26,3 2.2 3.8 1.72 M
139.6(¢) 7.0 132 95 0,301 100 10.9 34,7 83.0 4.6 8.3 .80 H=VM
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Table A2, ?n:mr; of Suppliementary Frost-Susceptibility tests on Natural Soils - Open System Nominal Load Pressure 0.5 psl|
. ont. ’ ' X
SOIL GRADATION DATA (AS FROZEN) rnvz:cgksggoggglzis
Unij fled - Ppercent Finer, mm Coefficiaents Atterberg
naterial Source soi l Maxi - (3) Limits (4)
Classifi- mm Speci fic
cation Slze Gravity
Symbol 4,76 0,42 0,074 0.02 0.01 0.00S c [4 L PI
(2) u c
in.

SILTS AND SANDY SILTS

Goose Bay ML - 100 99 54 6.0 - - - - .74
Westover - 100 91 53 13,0 - - - - 2.69
Labrador - 100 100 9s 27.0 10 - - - 26.0 3.0 2,77
Labrador - 100 100 98 27.0 10 - - - 26.0 3.0 2,77
Valparaiso - 100 100 99 54,0 25 15.0 - - 23,7 4,0 2,72
Valparaiso - 100 100 99 54.0 25  15.0 - - 23.7 4.0 2.72
Hanover - 100 100 98 35.0 18 8.0 - - 29.5  12.7 2.75
Dow Field 3/4 95 91 87 54.0 40 28.0 - - J2.8 8.1 2,66
Minnesota ML 3/4 a7 3 83 63.0 44 28.0 - - 36.0 S.! 2.6
New Hampshi re - 100 99 97 60.0 22 10.0 - - 26.6 0.1 2,70
New Hampshire - 100 99 97 60.0 22 10.0 - - 26.6 0.1 2,70
New Hampshire - 100 99 97 60.0 22 10.0 - - 26.6 0.1 2,70
New Hampshire - 100 9 97 0.0 22 10.0 - - 26.6 0.1 2,70
CLAYEY SILTS
Yukon ML~CL - 100 100 98 60.0 37 22.0 - - 25,3 5.8 2.73
New Hampshire - 100 100 86 61.0 34 14.0 - - 24,1 5.9 2.76
New Hampshire - 100 96 90 67.0 36 16.0 - - 25.0 6.0 2.70
New Hampshire - 100 93 a5 73.0 47 23.0 - - 26.0 5.0 2,70
New Hampshire - 100 100 99 73.0 37 13.0 - - 23,7 6.0 2.70
New Hampshire - 100 100 9 713.0 37 13.0 - - 23.7 6.0 2.70
SILTS AND ORGANICS
Ladd Field ML-OL - 100 100 sl 38.0 13 6.0 - - 3t.6 0.0 2.75
Fai rbanks - 100 100 97 42,0 22 12.0 - - 32.6 6.2 2.67
Fal rbanks - 100 100 97 42.0 22 12.0 - - 32,6 6.2 2,67
GRAVELLY AND SANDY CLAYS
Oow Field cL 3/4 82 7€ 62 40.0 31 23.0 - - 25.6 7.9 2.73
fort Belvoir 3/4 9% 87 64 43.0 36 30.0 - - 41,0 18.0 2.70
East Boston 3/4 84 72 56 43.0 35 25,0 - - 23.0 7.0 2.7%
gEast Boston 3/4 84 72 56 43.0 35 25.0 - - 23.0 7.0 2.76
East Boston 3/4 84 72 56 43.0 35 25,0 - - 23.0 7.0 2.76
fast Boston cL 3/4 84 72 56 43.0 35 25.0 - - 23.0 7.0 2.78
fort Belvoir 174 98 90 61 49.0 41 34,0 - - 43,8 20,3 2.7}
Fort Belvolir 174 98 90 1] 49.0 4] 34,0 - - 43.8 20.3 2.73
Fort Belvoir 1/74 98 90 3] 49.0 4] 34,0 - - 43.8 20,3 2.7
Fort Belvoir . 174 98 o8 61 49.0 4i 34.0 - - 43.8 20.3 2.73
Portsmouth - 100 100 96 49.0 38 30.0 - - 30.0 1.7 2,73
£ast Boston 3/4 86 73 57 49.0 42 30.0 - - 21.0 7.0 2,76
East Boston 3/4 86 73 57 49.0 a2 30.0 - - 21.0 7.0 2,76
" East Boston /4 86 73 57 49.0 42 30.0 - - 21,0 7.0 2,76
gast Boston 3/4 86 73 57 49.0 42 30,0 - - 21.0 7.0 2,76
Dow Field 3/4 96 93 86 51.0 38 27,0 - - 26.4 8.4 2,69
Dow Field 3/4 85 82 78 53.0 40 30.0 - - 27.6 9.8 2.73
AASHTO 1-1/4 5 87 74 58,0 48 38.0 - - 27.6 11.9 2,71
AASHTO - 1-1/4 95 87 74 $8.0 43 38.0 - - 27.3 1.9 2.74
AASHTO 1-1/4 95 87 74 58.0 a8 38.0 - - 27.3 11,9 2,74
AASHTO 1-1/4 95 a7 74 58,9 48 38.0 - - 27.3 11,0 2.74
AASHTO i-1/4 a5 87 74 58.0 48 38.0 - - 27.3 11.0 2,74
Bang 3/4 97 20 80 60.0 48 36,0 - - 28.6 12,5 2.80
Bong 3/4 97 90 80 60.0 48 36,0 - - 28,6 12.6 2.80
8ong 3/4 97 9l 8t 61.0 S0 35.0 - - 29,6 i3.86 2.80
Dow Field 1-1/2 94 g8 80 64.0 52 37.0 - 30.0 12.0 2.71
Dow Fieid 1-1/2 94 88 80 64.0 52 37.0 - 30,0 12,0 2,71
East Boston L 3/4 86 72 56 43.0 35 25.0 - - 23.0 7.0 2,76
East Boston 3/4 86 72 56 43.0 3% 25.0 - - 23.0 7.0 2,76
g£ast Boston 3/4 86 72 56 43,0 35 25.0 - - 23.0 7.0 2.76
€ast Boston 3/4 86 72 56 43.0 35 25.0 - - 23.0 7.0 2.76
East goston 3/4 a8 72 56 43.0 35 25.0 - - 23.0 7.0 2.76
East Boston 3/4 86 72 56 43.0 35 25.0 - - 23.0 7.0 2.76
Portsmouth - 100 100 92 46.0 36 30,0 - - 30.0 1.7 2.73
Portsmouth - 100 100 92 46,0 36 30.0 - - 30.0 1.7 2.73
East Boston 3/4 86 72 56 49.0 42 30.0 - - 21.0 7.0 2.76
East Boston 3/4 86 72 56 49.0 42 30.0 - - 21.0 7.0 2,78
AASHO 1-1/72 95 88 - 75 58.0 49 37.0 - - 27.3 1.9 2.74
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Table A-2. Summary of Supplementary Frost-Susceptlbllity Tests on uatuqul Solis -~ Open System Nomina! Load Pressure 0.5 psi' (Cont.)
PHYSICAL PROPERTIES

‘OF BASIC SOIL SPECIMEN DATA (AS MOLDED) FREEZING TEST DATA

Compaction Data (5) Avg. Water
Degree G. at Content Heave
Maximum Optimum Dry of Starg TTTmemmm———— Rate of Rate Frost
Dry Unit Moisture unit Compac= void of Before  After Total Heave var. Susc.
Weight” Content Wei ght tion Ratio Test Test Test Heave mn/ day Index Class
(6) (7) (8) (9) (10)

pef % pef % % % % % % Avg.  Mos,
102.0(c) 7.9 102 100 0.688 100 24,4 25.6 7.0 0.3 1.0 3.33 M=VL
113.6(d) n.o n2 99 0.484 100 18,0 26.0 17.3 1.0 1.0 1.60 L
102.,0(d) 18.1 106 104 0.626 100 22,7 27.3 1.4 1.2 1.5 1.25 L
102,0(d) 18.1 103 102 0,668 94 22.4 30.0 16,3 1.5 2,3 1.53 L-M
115.8(d) 13.5 13 98 0,601 98 18.4 62,1 95.3 9.8 1.5 1.17 VM
115.8(d) 13,5 13 98 0.601 100 18,0 . 65.5 100.0 0.0 11,9 1,33 M
103,6(d) 16.9 101 96 0.695 100 24,8 19.0 105.6 4.1 16.8 i.19 vH
107.1(c) - 104 98 0,500 100 22.2 136.8 104.0 13.0 23.3 1.68 VH

- - 101 95 0.611 99 23.0 $0.6 84,6 3.5 $.8 1.66 M~H
106.7(c) 16.5 106 90 0.580 100 21,7 79.6 126,2 15.9 20.7 1.30 VH
106.7(c) 16,5 104 98 0.618 100 22.8 120,7 130.1 15.9 18.0 1.13 VK
106.7(c) 16.5 108 101 0.567 100 20.9 99,9 190.6 26.0 28.3 1.08 VH
106.7(c) 16.5 105 98 0.611 100 22,6 116.7 239,2 12.8 19.7 1.54 VH
124.5(d) 1.5 123 99 0.389 100 14,2 28,9 37.0 2,2 3.5 1.51 M
106.7(c) 16.5 105 98 . 0.643 88 20,5 78.1 150.2 7.9 15.8 2.00 M-VH
106.7(c) 16.5 10 95 0.662 100 24.5 84,6 1n7.6 14.0 18.3 1.30 VH
106.7(c) 16.5 10} 95 0.674 100 25.0 86.8 235.3 14.0 15.5 i.10 VH
110.1(c) 14,7 107 97 0.577 ] 21.2 42.4 50.8 3.7 4.5 1,22 M~H
10, 1{c) 14,7 106 96 0,596 100 22.0 36.4 29.8 4.0 5.3 1.32 H
101.6(d) i8.1 98 a7 0.737 100 26.8 . 45.7 36.5 3.1 4.0 1.20 M
167.4(c) 17,1 101 95 0,646 100 24,2 112.6 223.6 1.3 14.0 1.24 VH
107.4(c) 17.1 11} 103 0,505 100 18.9 105.7 281.2 n.s 13.7 1.18 VH

- - 133 95 0.352 100 12.8 42,7 73.0 4.8 10,2 2.14 M~VH
114,.9(a) 15.6 118 100 0.468 94 16.3 25.1 25,0 1.3 2.0 1.54 L
130.8(d) - 126 96 0.371 100 13.4 46.5 85.3 6.5 10.5 1.62 H-VH
130,.8(d) - 130 99 0.324 100 1.7 30.2 47.7 4.0 5.5 1.38 H
130.8(d) - 125 96 0,374 100 13.6 22.9 122.9 7.0 h.1 1.58 HeVH .
130.8(d) - 130 99 0.328 100 11.0 34,0 8l.1 6.5 7.5 1.15 H
114.9(a) 15.6 110 96 0.536 100 19.8 81.6 188,.4 7.7 12,0 1.56 VH
114.9(a) 15.6 17 102 0.456 90 15.0 22,3 18,2 1.6 3.7 2.46 L=M
114,9(a) 15.6 13 98 0.504 100 18.5 27.4 22.1 1.3 3.0 2.30 L=M
114,9(s) 15.6 18 103 0.44] 100 16.2 27.0 27.6 2.2 3.2 1.45 M
V10,3 (a) 17.7 109 99 0.569 95 10.8 60.7 12,7 4.8 12.8 2.84 HeVH
130.8(d) - 129 o8 0,336 100 12.2 37.4 72.5 7.8 12.7 1.62 H=VH
130.8(d) . - 130 s 0.328 100 1.9 29.9 48.3 7.3 . 37.2 1.2 HeVH
130.8(d) - 129 98 0,336 100 12.2 32.0 61.2 8.0 10.6 1.3 VH
130.8(d) - 131 100 0,317 100 1.5 18.3 22.8 - 4.6 5.7 1.24 M
119.8(d) 14,0 . s 98 0.424 100 15,7 49,1 67.0 6.2 10,7 1.72 H=VH
119.8(d) 14.0 19 29 0.429 100 15.8 66.0 125.0 6.6 1.0 1.66 M=VH
121.0(a) 13.8 17 97 0,467 100 17.2 26.4 28.4 2.3 4.3 1.86 V=M
121.0(s8) 13.5 120 99 0,420 100 15.5 20,2 17.1 1.3 2.0 1.54 L
121.0(a) 13.5 125 103 0,367 100 13,5 18.6 13,9 [ %) 2.3 2,03 LM
121.0(a) 13.5 119 98 0.442 100 16,3 26.2 27.0 2.8 3.8 1.36 M
121,0(a) 13.5 126 104 0,360 100 13.3 18.0 10,1 1.2 1.3 1.08 L
128.8(c) - 125 98 0,395 26 13.5 16.1 16,1 1.5 1.7 1.13 L
128,.8(<) - 125 98 0,403 100 14,5 17.7 17.4 1.2 1.7 1.42 L
126.8(c) - 126 98 0.389 97 13,6 16,7 16,7 1.4 1.8 1,07 L
119.8(d) 14.0 117 98 0,448 100 16.4 . 69,7 124,3 10.1 12,0 1.20 VH
118.8(d} 14.0 18 98 0.431 100 16.1 42.4 70.7 3.3 3.8 1.15 M
130,8(d) - 110 84 0,565 100 20,5 76.9 109.1 7.7 10.7 1.38 h=VH
130.8(d) - 120 91 0.435 100 15.8 122,2 145,0 9.8 12.7 1.30 VH
130.8(d) . - 110 84 0.565 100 20.5 65.8 42,2 6.8 10.2 1.50 H=VH
130,8(d) - 120 91 0,435 100 - 15.8. 84,1 101.8 8.2 12.2 .48 VH
130.8(d) - 120 91 0.430 87 13.6 49,5 45,7 2.4 3.2 1,33 M
130.8(d) - 1o 84 0.561 88 17.8 47,4 27.4 1.9 2.8 1.47 L=M
110.3(c) 17.3 96 - 0.772 98 27,7 62.2 85.3 4.2 7.0 1.66 K
110.3(c) 17.3 85 - 0.798 95 27,7 73.3 114.9 4,1 8.0 1.95 H
130.8(d) - 120 9] 0,433 100 15.7 €0.4 96.2 4.1 9.8 2.39 H~VH
130.8(d) - 110 84 0.561 100 20,3 56.0 70.0 2.6 7.3 2.80 M=H
121,0(a) 13.5 1o 91 0.553 100 20.3 90.2 156.8 7.2 11.3 1.56 M=VH
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Table A-2. Summary of Supplementary Frost-Susceptibility Tests on Natural Soils - Qpen System Nominal Load Pressure 0.5 pﬂ'
(Cont,)
PHYSICAL PROPERTIES
SOIL GRADATION DATA (AS FROZEN) , OF 8ASIC SOIL
uni fied Percent Finer, mm ‘ Coefficients Atterberg
Material Source soil Maxi - C(3) Limits (4)
Classifi- mum Speci fic
cation Size Gravity
Symbol 4,76 0.42 0Q.074 0,02 0,0} 0.00S <. <. LL (49
(2)
in,
LEAN CLAYS ,
Greenland cL - 100 100 97 60 a3 34 - - 36.5 16.3 2,78
Volk Field - 100 100 k] 77 70 58 - - 45,0 24.4 2,75
Searsport - 100 100 100 80 89 49 - - 36.5 17.9 2,77
Searsport - 100 100 100 80 69 49 - - 36.5 17.3 © 2,77
Searsport - 100 100 100 80 69 49 - - 36.5 17.3 2.77
Searsport - 100 100 100 30 69 49 - - 36.5 17.9 2.77
Searsport - 100 100 100 30 89 a9 - - 36.5 17.9 2.77
Searsport - 100 100 100 30 &9 49 - - 36.5 17.9 2.77
goston 8lue C - 100 100 100 34 74 63 - - 43.3 21.6 2.72
3oston Blues C - 100 100 100 34 74 83 - - 43.3 21.6 2.72
Dow - 100 100 100 89 75 57 - - 33.8 16.4 2.79
Qow - 100 100 100 89 75 57 - - 33.8 16.4 2.79
Jow - 109 100 100 89 75 57 - - 33.8 16,4 2,79
Oow - 100 100 100 29 7% 57 - - 33.8 16.4 2.79
Boston 8lue C - 100 100 EL ] 0 81 72 - - 47.3 27.4 2,72
Boston Blue C - 100 100 N 90 81 72 47.3 27.4 2.72
Boston Blue C - i00 100 99 90 81 72 - - 47.3 27.4 2.72
Boston 8lue C - 100 100 99 90 al 72 - 47.3 27.3 2.72
LEAN CLAYS WITH ORGANICS
Malad, Idaho cL-oL - 100 99 96 65 48 35 - - 36.9 13.3 2.58
Malad, Idaho - 100 99 96 65 a8 3s - - 36.9 13.3 2,58
Malad, Idaho - 100 99 96 65 48 35 - - 36.9 13.3 2.38
maiad, Idaho - 100 99 96 65 48 38 - - 36.9 13.3 2.58
Malad, Idaho - 100 99 96 65 43 35 - - 36.9 13.3 2.58
Malad, ldano - 100 99 96 65 48 35 - - 36.9 13.3 2.58
FAT CLAYS
Volk Field CH - 100 98 78 68 65 59 - - 55.5 38.0 2.76
Soston Blue C - 100 100 100 94 38 81 - - 52.7 26,1 2.78
Soston Blue C - 100 100 100 94 a8 31 - - 52.7 26.1 2.78
Niagara - 100 100 100 94 92 86 - - 59.3 37.0 2,79
Niagara - 100 100 100 96 95 9 - - 60.0 37.4 2.79
Niagara - 100 100 100 96 95 91 - - 60.0 37.4 2.79
FAT CLAYS WITH ORGANICS
rFargo CH-QH - 100 10C 98 36 76 64 - - 67.8 45.8 2.76
Fargo - 100 100 98 36 76 64 - - 67.3 45,3 2,76
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Tabls A~2. Summary of Supplementery Frost-Susceptibility Tests on Naturel.Soils - Open System Nominal Load Pressure 0.5 psi,(Csz.)
PHYSICAL PROPERTIES

OF BASIC SOIL SPECIMEN DATA (AS MOLDED). FREEZING TEST DATA
Compaction Data (5) Avg. Water
Dagree G. at Content Heave
Maxi mum Optimum Dry of Starg  Sm————— Rate of Rate Frost
Dry Unjt Moisture Unit Compace  Void of Befare After  total Heave ver. Susc.
weight Content wel ght tion Ratio Test Test Test Heave o/ day Index Class
(e) (%)) (8) (9) (o)
pcf % pcf % % % “ % % Avg.  Mos. '
118.4(c) 15.0 $2 77 0.930 -] 3.3 52.8 41.3 2.% 5.3 1.82 M=K
- - 101 - 0.683 100 24.8 28.5 19.3 1.0 1.5 1.50 L
- - 99 - C.742 96 25,6 214.1 182,2 8.6 12,8 1.48 VH
- - 99 - 0.753 100 27.2 69.0 131.3 4.7 €.7 1.43- [
- - 96 - 0.804 $3 27.0 48,7 47.2 2.1 3.8 1.8C [
- 86 - 0.808 94 27.3 127.3 240.3 8.4 14.0 1.66 vH
- - 98 - 0.755 o8 27.3 88.5 ¥85.2 6.2 7.7 1.24 K
- - 98 - 0.75% 98 26.8 . A7.5 38.6 2.5 3.7 1.48 H
106.2(c) 20.2 82 - 1.083 94 37.3 60.4 38.4 4.6 5.3 1.15 ]
106.2(c) 20,2 79 - 1,162 100 42.5 107.6 141.8 12.6 17.8 1.41 VH
117.0(d) - 100 85 0.739 87 23.0 115.4 173.4 15.4 21,2 1.38 VH
117.0(d) - 103 88 G.684 94 23.0 109.2 188.8 19.8 22.8 1.15 VE
117.0(d) - 105 90 . 0.660 92 21.8 54.3 67,7 8.6 1.0 i.28 VH
117.0(d} - 102 87 0.706 93 . 23.4 87.3 127.8 13.3 17.8 1.54 VH
108.2(c) 20.2 8c - 1.197 97 41,3 124.7 83.3 8.1 1.2 1.38 VH
106.2(c) 20,2 80 - 1.186 o8 a1.2 124.2 130.8 8.5 15,7 1.65 VH
106.2(¢c) 20.2 78 - 1.245 o8 43,2 96.5 78.1 8.9 12,0 1.34 VK
106.2(c) 20,2 a0 - 1.200 100 42,7 $3.1 84,7 7.9 1.7 1.48 H=VH
99,.6(a) 21,0 2 92 0,745 100 28.9 §3.2 63.3 5.4 6.8 1.26 H
99.6(a) 21.0 90 80 0.7%0 100 30.6 56.0 58.6 5.1 6.3 1.24 H
99.6(a) 21.0 80 80 1.012 100 39.7 94,4 110,7 6.0 9.5 1.58 H=VH
99,6(a) 21.0 84 84 0,913 29 35,7 78.6 90.5 5.2 8.7 1,67 eV
99.6(a) 21,0 88 88 0.828 100 32.4 99.1 S 11641 S.8 9.2 1.58 HeVh
99.6(a) 21.0 90 80 0.788 100 30,2 101.6 129.9 €.5 9.7 1.49 HeViH
- - 108 - 0,582 100 21.3 21.3 5.8 0.4 0.5 1.25 H
106.2(c) 20.2 85 < 95 1.031 97 36.) 10t.8 1.8 4,1 8.3 2.02 He Vi
106.2(c) 20.2 87 <gs C.989 100 35.3 61.2 58.9 2.4 4.8 2.00 M~H
- - 95 88 0.835 95 20.8 43.7 43.9 2.4 3.0 1.28 M
- - 83 86 0.874 100 31.4 41.6 3s.7 1.5 2.3 1.53 t-m
- - 94 87 0,845 100 30.4 - 36.8 1.8 2.8 1.8¢ L=-M
- - 89 < 95 0,988 100 35.7 °  44.5 18.4 1.0 2.0 2.00 L
0 24.0 1.5 2.6 1. L

- - 89 <95 0.988 100 35,7 48,
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Table A=2, § y of Suppl ry Frost-Susceptibility Tests on Netural $olis - Open System Nominal Load Pressure 0.5 psl‘ (cont.)

NOTES:

1. Data based on 6~inch molded specimens frozen under laborstory conditions of penetration rate of 1/4 to 1/2 inch/day at 32

degrees and free water at specimen bese (38 degrees),
2. Soil classifications according to MIL-$TD-619 (CE).
3. Gredation coefficients (MIL-STD-619 (CE)):
G, D md C = (o)°

P10 Peo 10
4. Atterberg limits on plastic materials only. Tests on matarial passing No. 40 sieve only,

Natural soi] maximum dry welght and optimum moisture for compaction test type a) AASHTO T99 Method A; b) Providence
vibrated density test; c) AASHTO TI80 Method D; d) AASHTO T180 Method A; e) Harvard minature compaction.

6. Saturation percent at start of freezing tast (drained for 24 hours).

7. Based on original frozen height.

Average rate of heave determined from maximum representat!ve portion of heave versus time plot (minimum S consecutive days).
9, Maximum heave rate (average of 3 highest daily heave rates)/ avarage heave rate (see Note 7).

10. Definition of classes by rate of heave (mm/day): N (neglijible) 0-0.5; VL (very low) 0.5<1.,0; L (low) 1.0-2.0; M (medium)
2.0-4.0; H (high) 4,0-8.0; VH (very high) sbove 8.0,

U.S. Army Corps of Engineers
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Table A-3. Summary of Frost-Susceptibility Tests on Natural Soils -
Open System Nominal Load Pressure 0.073 psi

The following table contains data on soil samples tested at lower load
pressures.
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Table A-3.

SOIL GRADATION DATA (AS FROZEN)

Summary of Frost-Susceptibility Tests on Natural Soils - QOpen System Nominal Load Pressure 0.073 psil

PHYSICAL PROPERTIES
OF BASIC SOIL

. Unifled percent Finer, mm Coefficients Atterberg
Material Source - soil (3) Limits (4)
Classifi- Maxi- Speci fic
cation mum Gravity
Sy?%ol Size 4,76 0,42 0.074 0,02 0.01 0.005 Cu Cc LL PI
2
in,
SANDY GRAVELS
Alaska Highway Gw 2 40 i0 3.7 1.9 1.5 0.9 22.0 1.6 - - 2,64
SILTY SANDY GRAVELS
Alaska Highway ’ GP-GM 2 27 1o 5.2 3.1 2.0 1.2 40.0 4,7 38.6 2.7 2.73
Alaska Highway GW=-GM 2 44 16 7.2 5.4 3.8 2.4 67.0 2.2 38.6 2.7 2.73
Alaska Highway GP=-GM 2 34 18 1.0 6.2 4,2 2.7 440.0 3.6 25.7 3.6 2.72
Alaska Highway GP-GM 2 37 20 12.0 8.5 6.5 5.1 310.0 3,1 25,7 3.6 2,70
SILTY GRAVELS
Ball Mountain Till GM 2 91 3s 18.0 7.0 - - 250.0 0,3 - - 2.81
GRAVELLY SANDS
Alaska Highway SW 2 53 13 3.8 1.8 1.4 0.9 20.0 1.0 - - 2,65
Alaska Highway SC - 100 100 33.0 2,5 - - 1.6 1.0 - - 2.79
Alaska Highway - 100 100 33.0 2.5 - - 1.6 1.0 - - 2.79
CLAYEY SANDS
Till SM-SC 3/4 84 65 49.7 36.0 30.0 21,0 225.0 1.0 21 6,0 2.72
CLAYEY SILTS
valparaiso, [ndiana ML - 100 100 99.0 54.0 25.0 15.0 - - 23.7 4.0 2.72
Sile - 100 100 99.0 $4.0 25,0 15.0 - 23.7 4.0 2.72
New Hampshire Silt - 100 99 97.0 60,0 22,0 10,0 - - 26.6 0.1 2.70
SILTS
Ladd Field silt ML-CL - 100 100 91.0 38,0 13.0 6.0 - 3.6 0.2 2,75
Fairbanks Silt - 100 100 97.0 4.0 22, 12,0 - 32.6 6.2 2,67
SANDY CLAYS
East Boston Till CL 3/4 84 72 56,0 43.0 35,0 25.0 - - 23.0 7.0 2.76
AASHTO Road Test 1-1/72 95 87 74.0 58.0 48,0 38.0 - - 27.3 11.9 2,74
AASHTO Road Test 1-1/2 95 87 74.0 58,0 48.0 38.0 - - 27.3 1.9 2.74
AASHTO Road Test 1-1/2 95 87 74.0 58.0 - 438.0 38.0 - - 273 11.9 2.74
Yuken Silt - 100 100 100.0 67,0 37.0 29.0 - - 28.0 8.6 2.74
Yukon Silt - 100 100 100.0 67,0 37.0 29.0 - - 28.0 8.6 2,74
NOTES:

1. Data based on 6~inch molded specimens frozen under laboratory conditions

degrees and free water at specimen base (38 degrees).

2. Soil classifications according to MIL-5TD-619 (CE).

3. Gradation coefficients (MIL-STD-619 (CE)):

.- D60 and Cc =-

%0

4. Atterverg limits on plastic materials only,

2
(050)

(©go)x00,g)

of penetration rate of 1/4 to 1/2 inch/day at 32

Tests on material passing No. 40 sieve only,

5, Natural soil maximum dry weight and optimum moisture for compaction test type a) AASHTO T99 Method A, b) Providence
vibrated density test, c) AASHTO T130 Method D, d) AASHTO T180 Method A, e) Harvard miniature compaction.

6., Saturation percent at start of freezing test (drained for 24 hours).
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Table A.3. Summary of Frost-Susceptibility Tests on Nuur_nl Soils - Open System Nominal Load Pressure 0.073 psi‘ (Cont.)
PHYSICAL PROPERTIES
OF BASIC SOIL " SPECIMEN DATA (AS MOLDED) FREEZING TEST DATA

Compaction pata (5)

Avg, Water
- - Degree G. at Content Heave
Hanlmqm Optimum Dry of SLArY  seammmnrs—— Rate of Rete Frost
Dry Unit Moisture Unit Compac~ void of sefore After Total Heave var. susc.
Weight Content Weight tion Ratio Test Test Test Heave o/ day Index Class
(&) n (8) (9) (10)
pcf % pef % % % % % % Avg, MoS .
133.4(b) - 132 99 0,249 100 9.4 1.6 1.9 0.9 1.3 1.45 VL-L
123.6(b) - 121 98 0.401 100 4.7 18.3 .6 1.1 2.5 2,27 L-M
118.5(b) - 121 102 0.401 100 10.6 20.8 17.6 2,4 3.8 1.65 M
127.0(b) - 126 9 0.336 77 9.5 20,8 30.5 1.9 3.7 1.95 L=M
126.7(b) - 128 101 0.315 94 1.0 19.6 29.7 1.9 3.3 1.74 LM
- - 147 - 0,195 100 5.6 1.7 17.4 1.4 3.8 2.71 L=M
132.9(b) - 129 97 0.277 100 10.5 12,2 10,2 1.0 V.7 1.70 L
106.4(b) - 12 105 0.551 92 18.2 32.8 20.0 2.0 3.0 1.50 [
106.4{b) - i 105 0.565 100 20.3 29.3 1.1 1.1 1.7 1.54 L
133.8(d) 8.3 133 929 0.279 100 10.2 17.1 24,7 1.4 2.7 1.83 L-M
115.8(d; 13.5 112 96 - 72 13.5 53.1 8l.4 6.8 1.0 1.62 H=-VH
115.8(d) 13.5 112 96 - 94 17.7 45,2 142.3 5.8 .5 1.98 H-VH
106.7(c) © 16,8 105 a9 0.609 100 22.5 105.8 155.1 1.7 17.8 1.52 VK
101.6(d) 16.1 99 92 0.724 100 26.4 66,1 93.2 7.1 9. 1.24 e VH
107.4(c) 17.1 102 95 0,602 100 24.8 61.0 55,7 5.5 1.3 2.08 H~VH
130.8(d) - 125 96 0.380 100 13.8 63,9 1301 1.5 14.0 i.28 VH
121.0(a) 13.5 116 96 0,481 100 i7.6 31.2 34.9 34 3.3 1.06 M
121.0(a) 13.5 114 94 0,497 100 1.2 29,0 31.4 3.5 4.3 1,03 M-H
121.0(a) 13.5 122 105 0.414 100 15.3 43.8 72.7 2.5 3.7 1.48 M
121.4(d) 12.8 120 99 0.443 91 15.3 26,2 33.1 1.6 2.8 1,75 LK
121.4(d) 12.8 18 97 0,775 99 15.1 27.2 24,3 4,2 4.5 1.07 H

7. Based on original frozen height,

8. Average rate of heave determined from maximum representative portion of heave versus time plot (minimum 5
Consecutive days).

9. Maximum heave rate (average of 3 highest daily heave rates)/average heave rate (see Note 7).

16. Definition of classes by rate of heave (mm/day): N (regligible) 0-0.5, VL {very low) 0.5-1.0, L (Vow)
1.0-2.0, M (medium) 2.0-4.0, # (high) 4.0-8,0, VH (very high) above 8.0.

U.S. Army Corps of Engineers
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